Summary
A total of 576 pigs (PIC 327 × 1050; initially 96 lb BW) from 2 consecutive finishing groups were used to determine the effects of wheat source and particle size of pelleted diets on finishing pig growth performance, caloric efficiency, and carcass characteristics. Pigs were allotted randomly to pens upon entry into the finisher. Pens of pigs were balanced by initial BW and randomly allotted to 1 of 6 dietary treatments with 12 replications per treatment and 8 pigs per pen in two groups of finisher pigs. The experimental diets all had the same wheat-soybean meal formulation, with the 6 treatments formed by including the wheat from 1 of 2 sources (hard red winter vs. soft white winter) that were processed to 1 of 3 mean particle sizes (200, 400, or 600 µ). All diets were fed in pelleted form.
Overall, feeding hard red winter wheat improved (P < 0.05) ADG, ADFI, and caloric efficiency on both an ME and NE basis compared with soft white winter wheat. There was a tendency (P < 0.07) for a quadratic particle size × wheat source interaction for ADG, ADFI, and both DM and GE digestibility because the lowest ADG, ADFI, and both DM and GE digestibility values were for 400-µ hard red winter wheat, and the highest were for 400-µ soft white winter wheat. No significant (P > 0.10) main effects were detected of particle size, or of particle size within wheat source. Finally, dietary treatments did not affect carcass characteristics.
Introduction
Reducing the particle size of cereal grains has been shown to improve the efficiency of gain in swine. Opinions vary regarding the optimum particle size of cereal grains for animal production and feed manufacturing economics. Most experiments exploring optimum particle size of grain have been conducted in meal diets. Previous research in finishing pigs completed at Kansas State University in meal feed has shown improvements in ADG and F/G when hard red winter wheat was ground from 800 to 400 µ.
In addition to fine-grinding cereal grains, pelleting has been shown to consistently improve performance in finishing pigs through reduced intake and improved feed efficiency. Reducing particle size of cereal grains can improve pellet quality by increasing the surface area of the grains during the pelleting process and improving adhesion of the pellet. Murphy et al. (2009 4 ) reported no differences in growth performance in growing pigs as wheat particle size of pelleted diets was reduced from 639 to 552 µ, but no research has focused on grinding wheat to finer particle sizes. Thus, the objective of our study was to determine the effects of wheat source and particle size in pelleted diets on finishing pig growth performance, caloric efficiency, and carcass characteristics.
Procedures
The Kansas State University Institutional Animal Care and Use Committee approved the protocol used in this experiment. The study was conducted at the Kansas State University Swine Teaching and Research Center in Manhattan, KS. The barns were tunnel-ventilated with completely slatted flooring and deep pits. Each pen was equipped with a 2-hole stainless steel feeder and bowl waterer for ad libitum access to feed and water. Feed was delivered to each individual pen by a robotic feeding system (FeedPro; Feedlogic Corp., Wilmar, MN).
A total of 576 pigs (PIC 327 × 1050; initially 96 lb BW) from 2 consecutive finishing groups were used to determine the effects of wheat source and particle size of pelleted diets on finishing pig growth performance, caloric efficiency, and carcass characteristics. Pigs were allotted randomly to pens upon entry into the finisher and remained in the experiment for 75 and 89 d, respectively, for each group. Pens of pigs were balanced by initial BW and randomly allotted to 1 of 6 dietary treatments with 12 replications per treatment and 8 pigs per pen. The 6 basal diets consisted of the same wheat-soybean meal formulation. The experimental treatments were arranged as a 2 × 3 factorial with 2 wheat sources (hard red winter wheat or soft white winter wheat) and 3 particle sizes (200, 400, or 600 µ). All diets were fed in pelleted form.
Pigs and feeders were weighed approximately every 2 wk to determine ADG, ADFI, and F/G. Caloric efficiencies of pens were determined on both an ME and NE basis. Efficiencies were calculated by multiplying total feed intake × energy in the diet (kcal/ lb) and dividing by total gain. Feed ingredients were assigned an ME and NE value taken from the NRC (2012 5 ).
Composite samples of the wheat used in the diets were collected prior to feed manufacturing and analyzed for DM, CP, fat, NDF, ADF, ash, and amino acids (Table 1) . Nutrient analyses were then used in diet formulation (Table 2) . Feed samples were taken from each feeder during each phase, then combined within treatment and phase for analysis (Tables 3, 4 , and 5). Bulk density, pellet durability index (PDI), and percentage fines were determined for all diets (Table 6 ). Particle size, angle of repose, and bulk density was determined for each wheat source at the three different particle sizes. Particle sizes were determined using Tyler sieves, with numbers 6, 8, 10, 14, 20, 28, 35, 48, 65, 100, 150, 200 , and 270 and a pan. A Ro-Tap shaker (W.S. Tyler, Mentor, OH) was used to sift the 100-g samples for 10 min. Particle size testing was conducted with and without a flow agent (amorphous silica powder, Gilson Company Inc., Middleton, WI) added at 0.5 g to 100 g of feed. Angle of repose was measured by allowing feed to flow freely over a flat circular platform of a known diameter. The diameter of the platform and height of the resulting pile were used to calculate the angle of repose.
Feed was manufactured at the K-State O.H. Kruse Feed Technology Innovation Center. Wheat was ground to three particle sizes (200, 400, and 600 µ targets) for each of the 2 wheat sources (hard red and soft white wheat). The 3 particle sizes of the hard red wheat were created using a hammer mill equipped with either a # 2, 10, or 16 screen (0.03, 0.16, 0.25 in., respectively). The hard red wheat ground to 245 µ was first ground through a roller mill to ensure a fine enough grind was achieved through the hammer mill. Soft white wheat was ground through a #4, 12, and 16 hammer-mill screen (0.06, 0.19, 0.25 in., respectively). During feed manufacturing, electrical consumption and throughput were measured (Table 7) .
Fecal samples were collected on d 7 of Phase 3 (d 61 and 59, respectively, for group 1 and 2) from 2 pigs per pen. The Phase 3 diets contained 0.5% titanium dioxide as an inert digestibility marker. After collection, fecal samples were then dried in a 50˚C forced-air drying oven, then ground for measurement of energy by bomb calorimetry and titanium concentration. The digestibility values were calculated using the indirect method.
Prior to marketing, all pigs were individually weighed and tattooed for carcass data collection and transported to Triumph Foods LLC (St. Joseph, MO). Standard carcass characteristics were measured, and jowl fat samples were collected and analyzed at the plant by near-infrared analysis for iodine value.
Data were analyzed as a completely randomized design using PROC MIXED in SAS (SAS Institute, Inc., Cary, NC) with pen serving as the experimental unit. Linear and quadratic contrasts were completed to determine the main effects of decreasing wheat particle size as well as the interaction with wheat source. The main effects of wheat source were also determined. Lastly, linear and quadratic contrasts within wheat source for particle size were also tested. Results were considered significant at P ≤ 0.05 and tendencies between P > 0.05 and P ≤ 0.10.
Results and Discussion
Analysis of dietary treatments showed that all values were similar to those used in formulation. Bulk density and percentage fines were similar among treatments, but PDI was lower for the soft white wheat diets than for the hard red wheat. Decreasing the particle size of the wheat improved PDI as expected. Wheat particle sizes decreased for hard red winter wheat and soft white winter wheat as expected. Reductions in particle size led to increases in angle of repose for both wheat sources, which would suggest decreased flowability; however, no issues with diet flowability in feed lines or feeders were observed during the trial. In addition, decreased wheat particle size decreased bulk density.
Grinding hard red winter wheat required more kilowatt hours (kWh) than grinding soft white winter wheat (Table 7) . For both sources, fine-grinding increased kWh as expected. Pelleting soft white winter wheat diets increased electrical consumption compared with hard red winter wheat. Finely ground wheat increased electrical consumption for hard red wheat during pelleting but decreased electrical consumption for soft white wheat. Throughput during pelleting was improved by increasing wheat particle size as well as by pelleting soft white wheat compared with hard red wheat.
Overall, feeding hard red winter wheat improved (P < 0.05) ADG, ADFI, and caloric efficiency on both an ME and NE basis when compared with soft white winter wheat (Table 8 ). The improvement in caloric efficiency reflected source differences in the ME and NE values obtained from the NRC because there were no differences in F/G, which suggests the energy value for the wheat sources was similar. There was a tendency (P < 0.07) for a quadratic particle size × wheat source interaction for ADG, ADFI, and both DM and GE digestibility because the lowest ADG, ADFI, and both DM and GE digestibility values were for 400-µ hard red winter wheat, and the highest were for 400-µ soft white winter wheat. There were no main effects (P > 0.10) of particle size or particle size within wheat source (Table 9) . Finally, dietary treatments did not affect (P > 0.10) carcass characteristics.
Results from this study suggest that reducing the particle size of either hard red or soft white winter wheat from 600 to 200 µ does not improve growth performance when diets are pelleted. This is in contrast to previous work done with meal diets but agrees with Nemechek et al. (2013 6 ), who showed that corn-based diets had larger improvements to fine-grinding when diets were fed in meal form compared with similar diets fed in pelleted form. Less electrical consumption is needed to grind wheat to a particle size of 600 µ compared with 200 µ, and thus should result in diets that cost less to manufacture. Feeding hard red compared with soft white winter wheat improved growth rate and feed intake of pigs fed pelleted diets. 
